Fibronectin-binding protein I (SfbI) of Streptococcus pyogenes binds to mouse immunoglobulin G (IgG) but not to IgA or IgM in a nonimmune fashion. The fibronectin-binding domains of SfbI were responsible for this activity, which was targeted to the IgG F(ab) 2 fragment. SfbI also binds to B cells but not to CD4 ؉ or CD8 ؉ lymphocytes.
The expression of bacterial surface proteins that interact nonspecifically with immunoglobulins (Igs) from different mammalian species has been described for many microorganisms (1, 6, 7, 12, 13, 15) . Nonimmune binding to Igs is generally mediated by the Fc fragment of the Ig molecules (7, 12, 13, 15) . However, few of these proteins can also bind the F(abЈ) 2 fragment through an alternative binding pathway (2) (3) (4) (5) . The consistent presence of these Ig-binding proteins in many pathogenic bacteria suggests that these molecules might be required for bacterial survival during the infection process. We have recently shown that fibronectin-binding protein I (SfbI) of Streptococcus pyogenes, a main adhesin and invasin, also binds to human IgG in a nonimmune fashion through the Fc component (8) . This binding affected Fc-mediated phagocytosis by macrophages and antibody-dependent cell-mediated cytotoxicity. SfbI was also reactive with mouse, rabbit, pig, and horse IgG (8) . In an attempt to further characterize the wide range of immunomodulatory activities exerted by SfbI in the murine system (8) (9) (10) , which constitutes the model for S. pyogenes in vivo studies, we characterized the interactions between SfbI and mouse Igs.
SfbI binds to mouse IgG. Microtiter plates coated with purified mouse IgA, IgG, or IgM (Dianova, Hamburg, Germany) were incubated with different concentrations of SfbI to test by enzyme-linked immunosorbent assay (ELISA) the ability of SfbI to bind mouse Ig. The SfbI-IgG complexes were detected using rabbit polyclonal anti-SfbI antibodies and a peroxidaseconjugated goat anti-rabbit antibody as a secondary reagent. The results (Fig. 1A) show that SfbI binds to immobilized IgG but not to IgA or IgM. The binding of SfbI to mouse IgG was further confirmed by Western blot analysis under denaturing conditions. Mouse IgA and IgG and human IgG were immobilized onto nitrocellulose and incubated with the SfbI protein. Blots were then exposed to an SfbI-specific rabbit antiserum, which was detected using a peroxidase-conjugated goat antirabbit antibody. Appropriate controls were used to exclude possible cross-reactions with secondary reagents. The results that we obtained confirmed that SfbI bound to mouse IgG (Fig. 1B ). this type of multipattern binding is not unprecedented but rather is common among bacterial Ig-binding proteins (2) (3) (4) (5) 11) , suggesting that the expression of these proteins may play a role in the adaptive response of the pathogen to an unfavorable host environment.
SfbI interacts with mouse
Mouse IgG F(ab) 2 inhibits the binding of SfbI to human IgG Fc. Inhibition experiments were performed to determine whether the binding of SfbI to human IgG Fc and mouse IgG F(abЈ) 2 was mediated by either a single site or two separate sites. The binding of SfbI to human IgG Fc was tested in the presence of increasing concentrations of mouse IgG F(abЈ) 2 . Figure 3A shows that mouse IgG F(abЈ) 2 competitively inhibited the binding of SfbI to human IgG Fc in a dose-dependent manner. No effect was observed when human IgG F(abЈ) 2 fragments were used in the competition test. These results suggest either that the same domain of the SfbI protein is responsible for binding to both human IgG Fc and mouse IgG F(abЈ) 2 or that the binding sites for both molecules are near each other. Alternatively, the binding of the SfbI domain to one of the moieties may either affect the overall conformation of SfbI or sterically hinder the binding capacities of a putative second domain.
To determine the SfbI domain responsible for binding to the IgG F(abЈ) 2 fragment, full-length SfbI protein and two recombinant polypeptides spanning different domains of SfbI (Fig.  3B) were tested by ELISA for their capacity to bind mouse IgG F(abЈ) 2 . The results demonstrated that the polypeptide encompassing the fibronectin-binding domains of SfbI (H12), but not the one containing the aromatic domain and the proline repeats (H10), was able to bind to mouse IgG F(abЈ) 2 (Fig. 3C) .
It has been observed that bacterial Ig-binding proteins can differ markedly in their levels of reactivity with Ig Fc or Ig F(abЈ) 2 portions belonging to different mammalian species (5, 14) . SfbI was able to bind the Fc fragment of human IgG but failed to bind the F(abЈ) 2 fragment; conversely, it was able to bind the F(abЈ) 2 but not the Fc fragment of mouse IgG. This may reflect differences in the avidity of SfbI protein for the different portions of mouse and human IgG. Therefore, the possibility that SfbI has less affinity for interacting with human IgG F(abЈ) 2 than with IgG Fc cannot be excluded. Weak SfbI-F(abЈ) 2 binding activity might thus be undetectable during the binding assays.
The stimulatory capacity of SfbI for mouse and human cells. The SfbI protein induces polyclonal activation of murine B cells (9) . The observation of different SfbI binding patterns for human and mouse IgG prompted us to further analyze whether human and mouse cells were stimulated by SfbI in a similar manner. Peripheral blood lymphocytes (PBLs) isolated from heparinized venous blood from healthy adult volunteers and cells isolated from mouse spleen were incubated at 37°C in the presence of different concentrations of SfbI for 3 days. Proliferation was determined by [ 3 H]thymidine incorporation after 3 days in culture with SfbI (25 g/ml). The results presented in Fig. 4A indicate that while mouse spleen cells were stimulated in a dose-dependent manner by SfbI, human PBLs showed no response.
Binding of SfbI to mouse spleen cells. Since SfbI binds mouse IgG molecules and stimulates B cells, it might execute in part its biological activities by binding the surface Ig from B cells. Therefore, the binding of SfbI to different populations of mouse spleen cells was further investigated by indirect immunofluorescence using rabbit anti-SfbI and goat anti-rabbit-phycoerythrin antibodies (Dianova). Cells were analyzed on a FACScan (Becton Dickinson, Heidelberg, Germany) gating specific lymphocyte subpopulations stained with fluorescein isothiocyanate (FITC)-conjugated anti-CD4, FITC-conjugated anti-CD8, and biotin-conjugated anti-B220 developed with FITC-conjugated streptavidin (Pharmingen, Hamburg, Germany). The results presented in Fig. 4B show that SfbI specifically binds to B220 ϩ B cells but not to CD4 ϩ or CD8 ϩ T-cell subsets. SfbI also did not bind to human PBLs (data not shown).
Our data show that SfbI interacts in a nonimmune fashion with the F(abЈ) 2 fragment of mouse IgG and binds to mouse B cells. Previous studies demonstrated that SfbI activates B cells, also stimulating an upregulation of major histocompatibility complex class II molecules (9) . This suggests that the crosslinking of surface IgG F(abЈ) 2 on B cells might trigger this process. A better understanding of the underlying molecular events leading to the immunomodulatory activities of this important virulence factor may facilitate the design of new strategies to prevent or treat S. pyogenes infections.
